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ABSTRACT

DEFINITION OF AERODYNAMIC PARAMETERS

Selection of each major type of Reciprocating,
Rotary, Centrifugal and axial Compressor is
briefly reviewed. It ls explained how the nondimensional scales of Specific Speed and Speclfic
Diameter can be used to select any of the above
configuration of Compression machinery at its
optimum efficiency range.

Specific Speed

The paper presents the approach of Engineers Constructors in selecting compressors in
petroleum, chemical and other lndustrles. The
llmiting aero,thermo- and rotor dynamic
parameters in respect of each type of Compressor
are dlscussed. It is shown how the inltial
Capital Cost, Operating Cost, environmental and
logistics considerations lnfluence the final
selection of a Compressor for a given
application.
Future trends in the industry are addressed.
Areas needing attention by the manufacturers and
research workers are identified to further our
knowledge and confidence in the selection of
Compression machinery.
INTRODUCTION
The type of compressors used in the petroleum,
chemical and other industries falls into two
broad categories viz positive displacement type
and dynamic type. Fig. 1 presents varlous subcategroies referred to in accordance with their
deslgn, construction and or operation. It is
outside the scope of this paper to present
details of each of these sub-categories . Fig. 2
explains the broad range of capacity (actual CFM)
and discharge pressures (PSIG). Note the overlap
between configurations . Final selection of any
type of compressor is influenced by economic,
operating, logistics and environmental
considerations as outlied in Fig. 3. In order to
provide general understanding of the selection
criteria following parameters are defined.

Specific speed is an index number for the
impellers or rotors of various types of pumps or
compressors. It relates to the flow and head
handling capabilities of a turbomachine at a
given speed. It enables to relate the optimum
design at peak efficiency. It is defined as:
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The Specific Speed is indicative of the type of
rotating impeller or rotor. From Figure 4 it can
be seen that large specific speeds are associated
with axial compressors, which handle large flow
and low heads and modest speeds.
Specific Diameter
Diameter of a rotating wheel in turbomachinery is
a measure of volume flow when related with
rational speed. Specific diameter is developed
as a non-dimensiona l scale factor for comparing
turbomachinery performance.
Specific Diameter is defined as:
D
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effects into one value. For centrifu gal
compres sors the head coeffic ient varies fl"om
0.48-0.5 4 based on the extent of backWard-curved
blades. Impelle rs with radial blades have higher
values to 0. 63. ,Higher pressure coeffic ients can
also be obtained ,by increasi ng number of blades
in the impelle r. However, cost and pressur e
losses limit the numbel" of blades that can be
used in an impelle r.

~

Gravity Convers ion
factor, 32.2

lbm x ft
lbf
sec 2

It can be noted from the Balje Chart, Figure (4),
Ref. 1 & 2,that positive displace ment compres sors
have high Specifi c Diamete r values due to high
head low-flow handling capabil ity.

Flow Coeffic fent
The flow coeffic ient is a non-dim ensional unit
which takes flow (Q) into conside ration for a
given tip speed (U) and impelle r diamete r. It is
defined as:

Actual Flow ACFM
It is customa ry to refer to flow rates in SCFM
i.e., standard atmosph eric conditio ns 14.7 psia
and 60°F. However, compres sors handle the flow
that is availab le at the inlet flange at the
prevale nt pressure and tempera ture conditio ns.
Actual flow ACFM is computed as follows:
VA
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J1 = 700Q
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Va = Actual Volume @ Pa, Ta ACFM
Standard Referen ce Pressur e, psi
Standar d Volume, SCFM
Compre ssibility factor at
standard conditio ns
Compre ssibility factor at actual
conditio ns

ZT
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Flow coeffic ient, non
dimensi onal
In3et CFM at actual P, T,
ft /min. or ACFM

· N = Speed, RPM

D = Impelle r Diamete r, inches
For centrifu gal compres sors, the flow coeffic ient
ranges between .01-0. L The minimum discharg e
flow coeffic ient is around .008- .01. The peak
efficien cy occurs around mid range 0.04 -.05.

Head Coeffic ient

Mach Number

The head coeffic ient is a dimensi onless factor
which relates the adiabat ic head capabil ity of a
wheel with its periphe ral velocity requirem ent.
It is defined as:

Mach number is a ratio of velocity of gas to the
velocity of sound in,-the gas at operatin g
pressur e and tempera ture. The Velocit y of Sound
in a gas is calcula ted thus:

lf = gcH

us =JKgc R T
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For simplic ity, the velocity of gas is referred
to as the v~locity· of the impelle r at the tip.
It should be noted that the absolut e velocity of
gas leaving the ·impelle r is differe nt fl"om the
tip speed.

= Rotatio nal Speed RPM
= Impelle r diamete r, ft.

The head coeffic ient is also called pressure
coeffic ient, and it can be analyti cally shown to
combine all blade angle, slip and efficien cy

u
Mach Number is defined as M= U
s

619

12,000 ft.lbf/lbm and the total head demands
more than 10-12 impellers per casing.

Where U is the impeller,veloc ity at a given
station e.g., a tip or eye.
For turbonmachiner y, the Mach Number presents the
aerodynamic stability of flow. It is mandatory
to render the inlet flows subsonic i.e. Mach
Numbers less than unity (0.6-0.7) to avoid
choking of compressors.

d.

For capacity turndowns below 40% at constant
speed. Below these flows, centrifugal
compressors have limitation due to surge and
power loss due to excessive recycle.

e.

When the intended service requires unloaded
compressor operation for extended periods
with nominal power loss e.g. refrigeration.

f.

In plants where lower initial cost is
required.

g.

When higher compression efficiency at
partial and rated capacity is required,

h.

When the rotor Specific Speed below 20 and
Specific Diameter (1.0~20.0) render the
centrifugal and axial compressor selection
impractical due to aerodynamic limitations.

AERODYNAMIC PARAMETERS FOR COMPRESSORS SELECTION
0. E. Balje presented a rationalized approach to
describe the aerodynamic characteristic s of
compression machinery. Figure 4 is derived from
his article, "A Study on Design Criteria and
Matching of Turbomachines, Part A & B.", Journal
of Engineering for Power, Jan. 1962,. Whereas,
the generalized Specific Diameter and Specific
Speed relationship with a superimposed contour of
adiabatic efficiency are indicative of the Best
Operating Point (BOP) for a given configuration,
it should be noted that-these are analytical
guidelines only. It serves a good check to
determine broadly which type of compression the
process demands viz. reciprocating, rotary,
centrifugal or axial along_with their respective
regimes of peack efficiency and stable operation.
The paper provides an extensive analytical
background in the development and limitations of
these Ds vs Ns curves. The other parameters
usually considered are Mach Number (for choking
limitations), head and flow coefficients to
optimize the compressor selection

When the process has wide fluctuation in gas
composition. Centrifugal compressor
selection may be inpractical if the
molecular weight variations demand changes
in the 5mpeller characteristic s. Such
design change can only be affected by
changing compressor speed and or internals.
j.

When spare train of compressors is available
and 3 years continuous uninterrupted
operation is not mandatory.

It is not the intent of this paper to delve into
the details of such analytical aerodynamic
treatment. However, for purpose of utilizing
Balje's rationalized approach, reference is made
to R. F. Neerken's comprehensive paper
"Compressor Selection for the Process
Industries". In this article, the use of Balje's
analysis as a tool to check a given selection is
demonstrated through Figure 4.

k.

When two or more separate process streams
are to be compressed independently by the
same compressor frame. Use multi-throw
reciprocating compressor to meet such
requirement,

Table 1 provides a summary of Compressor
performance limits.

a.

Large inlet flows in excess of 3000 ACFM.

b.

Process does not permit cylinder lubricant
carryover and non lubricated cylinders are
not compatible to process.

c.

When gas flow rates render valv·e velocities
unsatisfactory for valve operation due to
lack of momentum.

d.

When process does not permit any pressure
fluctuations, even below API permissible
values.

WHEN NOT TO USE POSITIVE DISPLACEMENT
COMPRESSORS:

Following are the basic guidelines in compressor
selection.
WHEN TO USE POSITIVE DISPLACEMENT COMPRESSOR
a.

Low inlet flow rates below 500 ACFM, below
which the centrifugal compressor selection
becomes difficult due to smaller wheels and
narrow flow passages. Reciprocating
compressors usually range up to 3000 ACFM
capacity. Note that some manufacturers
offer small centrifugal compressors up to
350 ACFM.

b.

When discharge pressures are in excess of
5000 psig.

c.

When the adiabatic head per impeller exceeds

When the gas turbine driver RPM are too high
in low HP range, say 1000-2000, rendering
unrealistic gear ratios, say 5:1 and above.
Higher gear ratios impose double reduction,
higher pinion velocities and noisier
operation.
f.
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Space restraints and structural requirements

demand compact machiner y with no out-of
balance forces on the foundatio ns, e.g.
offshore platform s.
g.

WHEN TO USE AXIAL COMPRESSORS
Axial flow compress ors are generally used in air
service e.g.: Fluid Catalytic Cracker (FCC)
units, blast furnace, sewage aeration , etc.

Higher pressure ratios above 5:1 per casing
restrain rotary compress or selection due to
rotor deflectio ns, low volumetr ic efficienc y
and speed limitatio ns.

An Axial flow compress or is recommended:
a.

When large inlet capacitie s (50,000) ACFM
and above render the centrifu gal
configur ation uneconom ically bulky.

When use of cast-iron is prohibite d in the
process plant for fire hazard reasons, and
the use of steel cylinder s and casing is not
economic al.

b.

When higher compress ion efficien cies (5-10%)
above centrifug al configur ation are a
deciding factor in driver selection and
running costs.

When the tip speeds exceed the following
criteria :

It can be explained that the aerodynamic design
of axial blades, straight axial flow path and
adjustab ility of stator guide vanes contribu te to
axial compress or's efficien t operation over a
wide capacity range with a constant speed driver.

h.

When larger capacitie s dictate higher piston
velocitie s above normally accepted limits.

i.

j.

Helical Screw
MACH NO: 0.3-0.4
Spiral Axial Screw MACH NO: 0.12
Lobe
MACH NO: 0.05

c.

When the aerodynamic paramete rs i.e.,
specific speed and specific diameter fall in
(1,000-10 ,000) and (0.3-2.0) range,
respectiv ely. Refer to Figure 4.

WHEN TO USE CENTRIFUGAL COMPRESSORS
a.

When equipment reliabil ity is prime and no
spare train of equipment is allowed.

d.

b.

For Specific Speed range 30-3000, Specific
Diameter range (0.3-6.0) and flow
coefficie nt (.01-0.1 ).

When a mechanic al seal is not required and
nominal compressed air or gas leakage across
the labyrinth is acceptab le.

e.

When the compress ion temperat ures/casi ng
exceed 45QOF, dry labyrinth seals with
buffer gas permit compress ion temperat ures
up to 700°F, whereas the non-meta llic
components of mechnica l seals such as 11 0 11
rings and the seal oil, limit compress ion
temperat ure to 400-4500F,

f.

When part-load efficienc y (below 40% being
usual centrifu gal compress ion limitatio n) is
a premium, as multi-sta ge stator blading can
be adjusted with effective capacity control
even at constant speed.

WHEN NOT TO USE CENTRIFUGAL COMPRESSORS
a.

Below 500 inlet ACFM.
caution.

b.

When the discharg e volume rate reduces to
300-400 ACFM range rendering very narrow
impeller s and diffuser gas passages
difficul t to produce.

c.

Capaciti es in excess of 50,000 ACFM and
discharg e pressure s less than 100 psig which
are in axial range. Larger inlet flows
demand proportio nately larger inlet area (to
keep inlet Mach Number low hence bigger
impeller eye and the resultan t wheel
diameter ),

d.

Check design with

Note that after first 5-6 stages, variable
stator blading has diminish ing effect of
volume control as increased density in later
stages demands excessiv ely wide angle
turning of blades for throttlin g the flow.
WHEN NOT TO USE AXIAL COMPRESSORS

Discharg e temperat ures in excess of 450°F
limit centrifug al compress or due to material
limitatio n of 11 011 rings in the seals and
carburiz ing of the seal oil.

e.

For sour hydrocarb on service containin g H2s,
C02, H20 requiring impeller tip speeds in
excess of 830-860 ft/sec range.

f.

When the gas is raw and slugs of liquid may
carry over to compress or despite knock-ou t
facilitie s.
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a.

When inlet air/gas stream carry errosive
dust particle s detrimen tal to axial blades
and guide vanes.

b.

Below 50 1 000 ACFM at which capaciti es
centrifu gal compress ors are competit ive.

c.

When low initial cost is desired, and no
premimum is assigned to efficienc y.

d.

When side load admissio ns are required . The
compact rotor with aerfoil stages stacked

design is not readily adaptable to
intercooler connections or for additional
side process loads. Exceptions to this may
be found in the custom-built European
designs of axial compressors.
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WHEN TO USE AXIAL-CENTRIFUGAL COMPRESSORS
A combination of axial/centrifugal staging is
used:
a.

When for large inlet flows in excess of
50,000 ACFM, higher compression discharge
pressures above 150 psig are required.

b.

The centrifugal impellers placed at the tail
end of axial compression stages optimize the
low flow-high head capability of the
centrifugal stage, thereby reducing the
overall length of the rotor.
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TABLE 1 - SUMMARY OF COMPRESSOR LIMITS

w

<l...

>

10::

a

V'l

Vl

w
a..

0::

:;:::
a
u

10
10

3,000
3,000

None
None

As Req'd 5
As Req'd

10

50
100
50
50

20,000
20,000
3,000
·2,000
10,000

None
None
None
None
None

3-20
3-20

N.A.8
N.A.

(C)

3.0-30
3.0-30
3.0-30
3.0-30
3.0-30

0.3-10
0.3-10
0.3-10
0.3-10
0.3-10

N.A.
N.A.
N.A.
N.A.
N.A.

(J)
(K)

30-3000
30-3000
30-300
30-300

0.3-6
0.3-6
0.3-6
0.3-6

0.01-0.1
0.01-0.1
0.01-0.1
0.01-0.1

350
1,200
500
1,200

200,000
16,000
190,000
130,000

(L)

1000-10,000

0.3-2

0.01-0.1

50,000

1,000,000

(F)

(G)

(H)

(I)

"'

Approx.
Surge
Limit
% Rated

0.15-1.5
0.15-1.5

(E)

-1

Max.
Flow
ACFM

Min.
Flow
ACFM

(A)
(B)
(D)

tv

Range Of
Aerodynamic Parameters2
Spec. Speed Ns
Sp. Dia Ds Flow Coeff 0

COMPRESSOR
TYPE:
Reciprocating Piston
(A) Non-Lubricated
(B) Lubricated

(C)
(D)
(E)
(F)
(G)

PERFORMANCE LIMITSl
Approx.
Range Of Max.
Pressure Disch.
Typical
Ratio/
Temp/
Adiabatic
Casing Casing Efficienc y

Lobe - Roots Type
Screw - Dry Helical
Screw - Flooded
Sliding Vane
Liquid Rin_g

BHP
Max

RPM
Range

400
350

0.75-0.85
0.75-0.85

As Req'd
As Req'd

300-1000
300-1000

1-2 .o
2-5.0
2-5.0
2-5.0
2-7.0

Varies
Varies
180
350
180

.70-. 75
.75-.80
.70-.75
.70-.75
.55-.65

500
6,000
6,000
300
500

900-1800
1500-1500
1500-1500
400-1200
1800-3600

65%
65%
65%
60%

1.2-20
1.2-20
3-7.06
3-7.0

450
450
450
450

60%

1.2-7

700

0.70-.75
0.70-.80
0.77-.80
0.77-.80
7

0.75-0.85

5,000
3000-11000
2 ,5oo 11 3000-40000
35,000
3000-20000
35,000
3000-20000
9 1
As Req'd ' 1oo0-6000

Centrifu gal
Single Stage Overhung3
(I) Multi-Po ster API -672 Type4
(J) Multistag e Horiz. Split
( K) Mu 1t i stage Vert i ca 1 Sp 1it
(H)

Notes:
(l) Axial
(1) These limits are typical only. Signific ant variation
s may be observed between various vendors.
(2) Refer to text of the paper for definitio ns.
(3) Low pressure air service considered. Vertical split fabricate d custom built
design ~re also availabl e.
(4) Specially modified multi-sta ge ~ulti-poster design for process servjce exists.
(5) Special applicati on in hyper class have reached 40-50,000 psig.
(6) Discharge pressures in excess of 10,000 psig have been attained in gas lift
compression service.
(7) With dry labyrinth and buffer gas.
(8) N.A. - Not applicab le. This parameter exclusiv ely refers to dynamic compress
ors.
(9) There exists a capacity overlap between centrifu gals and axials. Smaller axials
handling 30,000-50,000 ACFM may be found in industry.
(10) In cryogenic service inlet temperature may be as low as -250°F. API 618 limits
discharg e temperature to 350°F if pressures exceed 300
(11) Larger special applicati ons exceeding 50,000 BHP per train exist in centrifu
gal/axia l configur ations.
psig.

